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ABSTRACT

Work was performed to formulaie an extreme low tempera-
ture hydraulic fluid that w-uld show better physical and
chemical stability at high temperatures than do the com-
monly used low temperature mineral oil based fluids.

A synthetic fluid, tetra(2-ethylhexyl) orthosilicate,
“was selected as a base stock for the fluid. Various chemi-
cals were examined for their effects on the base fluid's
therual stability and other properties. These chemicals
included oxidation inhibitars, hydrolysis 1nh1b1tor;,
thickeners, and rubber swell improvers.

Thermal stability tests at 700°F. showed the silicate
fluid to be adversely affected by several frequently used
additives. Unreactive, aromatic compounds were found that
were compatible with the silicate tluid and also improved
its rubber swell properties.

A promising blend, No. 7M8, was evolved and evaluated
for properties pertinent to hydraulic fluid use. Results
indicated that this blend's properties were generally as
good as or better than those 0of standard low temporature
mineral oil based fluids.

‘ An outline of requirements for a Military Specification
was prepared.




FOREWORD

The work reported here was perfor~+d under DA Project
No. 1C024401A108, AMS Code 5025.11.802 on Power Tranamis-
sion Fluids under work unit title, '"Determine Significant
Physical and Chemical Properties of Experimental High
Temperature Fluids." It was carried out for the purposes
¢f: ‘1) Formulating a stable, wide temperature range .
fluid and (2) Describing the properties of the fluid.
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PROBLEM

To formulate and describe the properties of a hydraulic
fluid that possessed good low temperature properties as well
as satisfactory stauility for use at high temperatures.

BACKGROUND

Hydraulic systems are expected to perform satiasfactorily
at wide extremes of temperatures. Iz tie past, low tempera-
ture operation at -A5C°F., or lower, has generally been accom-
pli=he Ly tne use of fluids based on a light ninara% ?11,
e.g., thoss described by Specification MIL-H-46004A,. 1
These usually contain small amounts of additives to improve
antiwear. oxidaticn resistance and foam resistance propar-
ties. Some specification oils, such ag MiL-H-8i0izm,
contain polymeric viacosity index improvers. Two other
extensively ugcd fluids described by Military Specification,
lIL-H-i?OGB(3 and the corrosion preventive version, MIL-H-
6083c ( may possess comparsatively high viscosities of 3000
to 3500 centistokes at -650F. All of the above fluid's
mineral oil base stocks are volatile and so show low flash
and fire points. This ioherent drawback has been somewhat
corrected by the deep dewaxing of mineral oils, H?v ver,
a fluid based on such a mineral oil, MIL-H-27601A,(5) is
limited to use at temperatures above -40°F., though its
propertiss at high temperatures are suv-srior to those of
+he light gas oils used in the previously discussed fluids.

Synthetic base stocks muat be used to achieve 2 better
balance between low temperaturs fluidity and unigh tempersz-
ture stability. Among the more versatile of these are the
silicates and disiloxanes. One of these, hexa(2-etbyl?g§yl)
disiloxane, is the base fluid utilized in RIL-H-844648. ‘
This speclification fluid contains a polymeric thickener, an
ester for improvement of rubber swell properties and an in-
hibitor to prevent oxidative and hydrolytlc breakdown of
the fluid. Because of the thickener, thisn fluid shows a
maximum viscosity of 2,500 centistokes at -85°F,, which
makes it of marginal use at lower temperatures. JMcreover,
additives used in the fluids can compromise their high
temperature stability.

Another Military Specification fluid that utilizes a
silicate base fluid is MIL-L-14107B.(7} It contains a cor-
rosion inhibitor, usually of the sulfcnate type. This fluid
does show good low temperature capabilities, but its tharmal
s%ability is compromised; both by the instability of tk-
inhibitor as well as by probable interactions between - .3
inhibitor and base fluid at high temperatures. BHattoxn
has described several commercial products based on the
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silicate fluids, These are said to show good thermal sta-
bility, fair lubrication and good viscosity temperature
properties. On the negaiive mide, they are subject to

oxidative and hydrolytic deterioration and do not swell

elastomeric seals and gaskets to the dagree needed for the
effective fuanction of these components.

Both commercial specialty products acd military speci-
fication fluids have been adequately inhibited for oxidation
and hydrolytic stability. However, the use of additives for
improving rubber swell characteristics generally contr%8§ted
to silicate base fluid instability. For example, Baum
found that the di(2-ethylhexyl) sebacate usad at a 15% con-
centration in a disiloxane type MIL-H-8446A fluid was very
deleterious to the hydrnlytic stability of the ?asg fluid.
Similarlr  in wark at this Research Laboratory,(10) thermal
stability tests ai¢ 9LUSCT., icdicsted that a similar disil-
oxane blend containing a diester showed greaie. wiudge for-
mation, metal attack and viscosity loas after thermal de-
gradation. Peeler and Kovacich(ll) evaluated many additives
for improving the rubber swell characteristics of silicate
fluids. Generally, only ester type fluids were effective,
when both rubber swell improvement acd low temperature
stability were considered.

Silicate fluids, however, had two qualities sssential
to a wide temperature fluid, i.e., good thermal stability
and excellent low temperature properties. One of these
that had been found promising in earlier 650°F, tests(12)
was selected for use in rormulating a wide tampsrature
range fluid.

APPROACH

Thermal Stabilily Tests

The thermal stability of the base fluid, tetra(2-ethyl-
hexyl) orthosilicate and blends of additives in this fluid
were evaluated in an Aminco high temperature shaking ap-
paratus. The thermal stability test conditions were as
follows: ’

1. Temperatures - 600, 650, 700 or 750 % 10°P.
2. Duration - 6 hours.

3. Fluid volume - 30 ml.

4, Test cell - 180 ml. stainless steel.




5. Metal Catalysts - Copper, Steel, Titanium snd
Monel metal.

6. Atmosphere - Nitrigan of 89.997% purity.

After test, the fluid blends were compared on the basis
of changes of the following:

l. Test system pressure during high temperature
exposure.

2. Metal catalyst's weight.
3. Pluid viscosity at 100°F,

Additive Selection

An additive for enhancing resistance to hydrolvsie
and OXidaAtivu weas wssential fuxr siiicate fiuides. Other de-
sirable additives included those to improve the rubber swell,
lubricity, and high tempersture viscosity properties of the
base fluid. Corrosiun ‘nhibitors were =St cConsidered since
theso types of chemica were expected to be thermally un-
stable at the projecteu test temperatures. Additives con-
sidered promising for improving base fluild properties were
evaluated tor their effect on the thermal stability of the
base fiuid and their ability to {mprove the base fluid
properties in question.

Evaluation of a Finished Blend

A mixture that consiated of the base fluid plus useful,
thermally stable additives, was then examined for other

physical and chemical properties pertinent to hydraulic fluid
use.

RESULTS3

Thermal Stability Tests

1. Base Fluid - As shown in Table I, the tetra(2-ethyl-
hexyl) orthosiliczte was unstable at 750°F. Large viscosity
losses and test system pressure incresases due to volatile
products ~f decomposition were noted. However, sufficient
stability was evidenced at 700°F. to indicate this to be a
feasible '"target' test temperature for a silicate based
blend. Experimentsl blends of promising additives in the
silicate fluid were usually tested at this tempsrature.
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2. Teuts on Additive-Fluid 3lends -~ Silicate fluid~
are subject to hydrolytic or=z"7-=r in the presence =?
water and have mediocre oxidation resistancs. Jeveral
common anticxidants functioos as both antioxicants and hy-
drolysis inhibitors for silicates. Phenyl-a~-naphthylamine
(PANA) and dioctyl diphenylamine (DOPA) have been fre-
quently used at concentrations ranging from 0.5 to 2.0%.
These two, plus several others selected for this study,
were evaluated in the silicate fluid at 0.1% by wt. con-
centration in a thermal stability test conducted = 700°F,
Test results (Table 1) indicated that the phenyl r nathyl-
amines, PANA 2pd PBNA (Beta-linkage), slightly enh. -ed
base fluid stability. DOPA had little or no effect -hile
the disalicylalpropylenediamine ("salicyldiamine™) < ‘ete-
riously affected the silicate's stability.

The PBNA was selected for further testing since it re-
duced formation of volatile products of decomposition, i.e.,
test aystem pressure rise was relatively low. This amins's
effect on the thermal stability of the base fluid was tested
at concentrations up to 1.0% by wt. (Table I). Teat results
indicated blena decomposition exceeded that of the base stock
when PBNA concentration was raised from 0.5 to 1.0% by wt.
since ‘he viscosity and system pressure changes were con-
siderably greater. The 0.5% concentraticn was therefore
selected for the PBNA additive in the silicate fluid.

A second ipherent problem in the use of silicate fluids
is their inability to swell slastomeric gaskets and seals.
It is desirable that fluids moderately swell such materials
to more effectively seal the hydraulic system. Compounds
vere salectod that are representative of types of chemicalsa
known to increase .u.uver swelling and which were also likely
to show adequate thermal stability. These included esters,
mineral cils, alcohols and several aromatic coapounds. Test
results (Table I) indicated that an ester (dicapryl phthalate),
alcchol (decyl), mineral <il (deep dewaxed, super refined) ,
and =n aromatic silicate (tetrapheunyl) each acted to compromise
base fluid stability when tested at ccncentration levels ap-~
propriate to each for securing significant rubber swell im-
provement. The pyrene, dibenzothiophene and acenaphthen>
apreared to have little effe~t on silicate stability.

A third problem relatad to the base fluid was its rela-
tively low viacosity at high temperatures., Several poly-
siloxane fluids were thermally tested in the base fluid since
they were considered promising for prospective use as thick-
eners. Test results (Table I) showed that the twc phenyl
methyl pelysiloxanes (A-low phenyl content; B-high phenyl
content) deletericusly affected the base fluid's stability.




In conclusion, the thermal stability tests indicated
that the most compatible additives for the silicate fluid
included the phenyl paphthylamines and chemically unreactive
aromatic compounds.

Low Temperature Stability

It was desirable to use maximum zmounts of aromatic
additives in order to achieve maximum increase in the rub-
ber awell properties of the base fluid. Silicate solutions
of such chemiczls that had been found to be thermally com-
patible were examined st several concentration levels. This
was done to detcrmine the additive's maximum solubility at
low temperatures. The solutions were stored at & tempera-
ture of -90°F. for 72 hours and thenm visually exarinad for
evidence of gel, precipitate or cloud formation. Such
phenomena could not be toierated since it would compromise
the base fluid's superior low temperature fluidity. The
maximum amounts of these aromatic chemicals that could bs
tolerated (were found to be compietely soluble) at -80°FP,
were as follows:

Pyrene - 1% by wt.
Dibenzo.hiophene ~ 1% by wt.
Acenaphthene ~ 0.5 by wt.

The PBNA additive was also found to be soluble at 0.5%
by wt. concentration at -90°F. Its upper limit of solubility
was not established since previous thermal stability test re-
sults had precluded the use of this additive at higher con-
centrations. Quinalizarin (included as a metal passivator)
was tested at 0.001% by wt. and found to be soluble at this
concentration level.

Finished Blend Evaluation

Based on thermal and low temperature stability test re-
sults, a finished blend was evolved and identified as RIA 7M8
with the foilowing formula:

Pyrene - 1% by wt.
Dibenzothiophene - 1% by wt.
Acenaphthene - 0.5% by wt.
PBNA - 0.5% by wt.

Quinalizarin - 0.001% by wt.

10




Tetra(2-Ethylhexyl) Orthosilicate - 97.0% by ~t.

This blend was prepared by combining the components and
heating with mild agitation to a temperature of 275-300°F,
This blend was evaluated to establish its physical and
chemical properties. Description of these tests and re-
sults follows:

1. Thermal Stability - The finished Llend was tested
under nitrogen (as previously described) at temperatures of
7000, 650° and 600° t 10°P. Results are tabulated in Table II.
The test data proved thatat 700°F.,, the blend undergoes de-
composition. However, at a temperature close to the recom-
mended use temperature of 550°F., only slight deterioration
of blend properties was found.

2. Rubber Swell - The blend was evaluated for rubber
swelling by use of Federal Standards Method No. 3603.4. The
volume increase of Standard Rubber L after exposure to the
fluid for 168 hours at 158°F. was 12.6%. This value was
nearly three-fold greater than that found for the silicate
base fluid - 4.5%.

3. HRydrolytic Stabilit' - The blend waa examined Ly
use of Feueral andards Melaod No. 3457. Results alter ex-
posure to water at 200°F. for 48 hours were as follows:

a. Cu strip catalyst, wt. loss, mg/cm? - 0.25

b, PFluid viscosity change, % . = 1.8
¢. Insoluble residue, % by wt. - 0,08
d. Neut. no. increase of fluid layer - .38

e. Neut. no. increase of water layer - 0.3

This data indicated that the blend possessed good stability
in the presence of water. Property changes were well within

the limits permitted for a?ofber silicate fluid, described by
Specification MIL-H-8446B, (6

4. Lubrication Properties -~ Antiwear properties of the
blend were messured by use of ASTM Method No. D2266-64T.
Load-carrying abllity and EP Weld Point were evaluated by
Federal Stacdards Method No. 6520, Mean wear-scar diameters
for the blend, after tests on immersed 52-100 alloy bearings
at 1200 rpm. for 1 hcur at 167°F., were as follows:

11
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1 Kg. applied load - 0.34 mm.

5 Kg. applied load - 0.40 mm.
10 Kg. applied load - 0.67 =mm.
20 Kg. applied load - 0.80 mm,
30 Kkg. applied load ~ 0.87 mm.
40 Kg. applied load - 0.94 nm.

50 Kg. applied lcad - 1.08 mm.:

The load-carrying ability in terms of the bleund's MHL
(Mean Hertz load) was 17.6 Kgs. The EP-Weld Point was
found to be 126 Kgs. These results indicated the fluid's
lubrication preperties were comparable to thase of unin-
hibited mineral oils.

$. Corrosiveness and Oxidation Stability - Results
(Table IIT) showed the blend to possess good oxidation re-
sistance and excellent compatibiiity with the metal catal-
yasts. Except for the peutralization number change, all
property changes were wel ithin the limits permittsd for
Specification MIL-H-5606B(3) fluida, which are tested at a
lover temperature, i.e., 250°7P,

6. Copper Corrosion - Results (Table II1) showed the
blend had no significant effects on copper.

7. Shear Stability - As expected, results (Table IV)
showed the blend to be shear stable since no polymerxric ad-
ditives were present.

8. TYlash and FPire Point - Resulis (Table IV) ghowed
these properties to be superior to those of mineral oils of
similar viscosity levels. For such mineral oils, flash
points of 200 to 250°F. could be expected.

9. Spontaneous Ignition Temperature - Data (Table IV)
from the Iiteratura(13§ indicated this value for a fluid
with a similar base stock to be considerably higher tkan a
MIL-H-5606A fluid (703°F. as compared with 4379F.).

10. BRvaporation Loss - Results (Table IV) showed the
blend to have a desirably low vapor pressure since evapor-
ation losses were low even at 300°F. Low temperature
niner?i 0il based fluids such as those described by MIL-H-
6083¢(4) show evaporation losses approaching 70% when
similarly tested at a lower temperature, i.e., 212°F,

13



Test

1. Corrosiveness
and Oxidation
Stability of
Light Oils
(Metal Strip)

2. Copper Cor-
rosion By
Petroleum
Products

CORROS IVENESS AND OXIDATION

TABLE III

PROPERTIRS OF 7M8 FLUID

Test Method
Ref.

Test Conditions

Fed. Test
Me thod
Std. No.
791a,
Method
5308.5

ASTM
Method
NOC
D130-56

Temp. °F = 350
Time; hrs = 72
Air flow rate,
liters/hr. = §
Metal Catalysts;
Cu, steel, Al
and Monel Metal

Time = 72 hrs.
Temp.-= 212°F.

14

Results

Viscosity change, %
= #4.8

Wt. loas, % = 4.4
Insoluble residue,
ml. = 0.1

" Neut. No. increase,

mg KOH = 0.2
Cltllyzt wt. change,
‘mg/cm

Cu = +0.01
Steel = 40.01
Al = 4+0.02
Monel = +0.01
Rating = 1b

(slight tarnish)




TABLE IV

PHYSICAL STABILITY PROPERTIES OF 7M8 FLUID

Test

Shear
Stability

Flash and
Fire Point

Spontansous
Ignition Temp.

Evaporation
Loss

Foaming
Characteristics

. Cloud and

Pour Point

Low Temp.
Stability

Test Method Ref.

[
MIL-H-6083C,
para., 3.5.6

ASTM Method No.
D92-57

Lit. Rez. (13)
ASTM Method No.
D972-56

ASTM Method No.
D892-63

ASTM Method No.
D97-57

Stored at -90°F,
for 72 hours

15

Test Conditions and Results

Viscosity Loss, &% = 0.4

Flash Pt., °F,

e 37
Pire Pt., °F, =

5
445
S.I.T.' %’ - 703

At 212°F, loss, %,
At 300°F, loss, %,

wn
T
>~ o

At 75°F, ml. = 15
Collapse time, min. = 2
At 2000F, ml1. = 8

Collapse time, min. =1
At 75"F, ml. = 15
Collapse time, min. = 3

Peur Pt., %r. = é-so
Cloud Pt., °9F. = {(-90

Precipitate or gel for-
mation, ml. =0




11. Yoaming Characteristics - Results (Table 1V)
showved the blend tc have excellent resistance to foaming.
Foam formation was within the limitas permitted by most
other specifications.

12. Cloud and Pour Point - Results (Table IV) showed
the blend to bave excellent low temperature properties since
it flowed at -90°F,

13. Low Temperature Stability - Results (Table IV)
showed the blend to have excellent low temperature stability
since it remained fluid after 72 hrs. at -90°F,

14. Viscosity - Results (Table V) showed the blend's
fluidity properties were excellent at very low temperatures
but were mediocre at very high temperatures (the blend's
viscosity was less than 1.0 at 450°PF.).

15. Viscosity Index - Results (Table V) showed the
blend's rate of change ol viscosity with temperature to be
better than most mineral oil fluids except those containing
large amounts of polymeric V.I. improvers.

18. Density - Results (Table V) indicated that the
blend's density property should be comparable to that of
mineral oils. ,

17. Bulk Modulus - Data (Table V) from the literature(8)
for another silicate fluid indicated the blend's compress-
ibility properties should be comparable to those of mineral
oils. :

18. Coefficient of Thermal Expansion - Data (Table V)
from the 1Iterature(3J for another silicate fluid indicated
the blend's volume change due to heating should be compar-
able to that of mineral olils.

DISCUSSION OF RESULTS

The tetra(2-ethylhexyl) silicate base fluid was found
to show an acceptable degree of thermal stability in TOO°F.
tests. However, this fluid shows only mediocre resistance
to the action of water or oxygen, therefore stabilizing ad-
ditives to enhance such resistance were essential. The
thermal stability tests, herein reported, proved that several
commonly used stabilizers may adversely affect silicate
stability at 700°P., These adverse effects were also noted
for other additives that included rubber swell and V.I.
improver additives. Similar incompatibility had been ob-
served in earlier A5CCF. tests on a chemically related fluid,

16




TABLE V
PHYSICAL PROPERTIES OF 7M8 PLUID

Test ' Test Method Ref. Test Conditiocons and Results

1. Viscosity, ASTM Method No. at -85%P, cs. = 6,468
Kinematic D445-64 at -65°P, cs. = 1,517
at -40°r, cs. = 346.9
at +100°F, cs. = 6.95
at +210°PF, ca. = 2.328
at +450°F, cs. = 0.69
2. Viscosity ASTM Method No. 154 |
Index D567-53 o
3. Density Pyncnometer at 15.0C (59°PF) gmn/ml = 0.890
at 23.0C (73.49Y) gm/ml = 0.884
~ at 37.8C (100.0°F) gm/ul = 0.873
4. Bulk Lit. Ret.(8) 253,000 psi.
Modulus .
5. Coefficient Lit. Rez.(8) 0.00048/°y.
of Thermal
Expansion

hexa (2-ethylbutyl) disiloxane, used in some MIL-H+8446B
fluids. Szvogal such blends were evaluated at this Resesrch
~Laboratory 10) and found to show lowered stability wvhen they
contained polysiloxane V.I. improver, and diester rubber-
swvell improver additives.

The experimental work revealed several unreactive aro-
natic chemicals to show the best thermal compatibility with
the silicate. These were of interest since they acted as
rubber-swell improvers. The amounts of such chemicals that
could be used, was restricted to low concentration levels
because of their limited low texperature solubility. PFor
these reasons, a combination of several such aromatics
were used at concentrations from 0.5 to 1.0% by weight.
Thus, a measure of rubber-swell improvement was obtained
from each one without creating a precipitation problem
should the finished blend be subjected to prolonged, low
temperature exposure.




V.I. improver additives such as the polyisobutylenes
end poiymethacrylates could not be used since they undergo
thermal shear at temperatures below 450°F. A high tempera-
ture stable polyester war found to be insoluble in the
siiicate fluid. The polysiloxanes were both thermally
stable and soluble in the silicate, however, they were
found to affect the silicate’'s stability.

The lubricity tests indicated the finished silicate
blend properties to be comparable to those of an uninhibited
mineral o0il. Exploratory antiwesr tests were conducted
usipg several common lubricity additives, i.e., tritolyl
phosphate and a chlorinated biphenyl. These additives did
not improve silicate antiwear properties at concentrations
up to 1.0%. Higher concentrations were not evaluated since
it was expected that such coampounds would adversely 2ffec

the silicate's thermal stability. In fact, earlier toltl§13)

performed at 650°F. had indicated thermal incompatability
wath Duln of lieac ;ditivas., Furthermore, it was likely
that most antiwear agents that act by forming an acidic
precursor at the point of wear would tend tc fora acidic
products upon thermal stressing and, in turn, would accel-
erate decomposition of the silicate base fluid.

The temperature range recommended for the experimental
blend was selected on the following basis. The lower tem-
perature was set at -75°F. since the fluid showed an extra-
polated viscosity of 3000 centistokes at this temperature.
However, the blend still flowed after prolonged exposure
at -90°F. The upper limit of 550°F. was set for bulk oil
temperature to allow a 150°F. safety factor when compared
to the thermal tests at 700°0F. This compensated for system
"hot spots'" which might be at a higher temperature than
that of the bulk fluid.

The upper, recommended use temperature of 6§50°F. was

also 500 lower than the 600°F. laboratory tests wherein
only slight effects on fluid property changes were found.
‘ Several of the experimental silicate blend's properties
were superior to those of currently used, low temperature
mineral cil based fluids. They included the following:

1. High temperature stability.

2. Flammability resistance.

3. Shear resistance.

4. Foaming resistance.

5. High temperature volatility.

18




In addition, physical properties such as density, bulk
modulus, and thermal expansion were comparable to those of
mineral oils, so that no special engineering dssign problems
wuuld be created by use of this fluid.

CONCLUS IONS

The effects of various chemical additives on the thermal
stability and other properties of tetra(2-ethylhexyl) ortho-
silicate, were studied. Many of these additives adversely
aifected the silicate's stability. Several unroactive,
aromatic compounds were found to improve the fluid's rubber
swell properties and also to be thermally compatible with
the fluid.

A finished blend, based on the silicate fluid, showed
properties that were considered promising for use in hy-
draulic systems that operate over a wide temperature range.

RECOMMENDAT IONS

Hydraulic fluids with properties comparable to those
of the experimental blend No. 7M8 are recommended for intro-
duction into dilitary channels.
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APPENDIX

TEST METHODS AND REQUIREMENTS
PBOPOSID FOR THE WIDE-TEMPERATURE RANGE HYDRAULIC FLUID

A wide-temperature range fluid has been formulated
wvhich had desirable characteristics for hydraulic systems
application. Therefore a list of test methods and property
requirements was prepared to identify such a fluid. The
requirements gensrally permit ccnsiderable deviation from
the exact properties of the experimental fluid just de-
scribed. However, they should adequately define a fluid
that would have a similar potential for use in systems
operating under corditions of wide temperature extremes.

This list will facilitate recognition and purchase of
such fluids for introduction into Military channels in
addition to being a basis for a Military specitic:tion,
should these fluids become widsly accoptod

Section I, ~ Application Recommendations

1. Temperature Range -

(a) h;clouod systeas, yronsurizod with nitrogen
or heliunm, -75°F. to +550°F.

(b) 1In open systems, -75°F. toc +250°F.

2. Restrictions - These fluids should not be used
where extTeme pressure lubrication is required or in s*z}gns
containing components fabricated of magnesium or lead.

For maximum use life, hydraulic systems should be cleaned
and thoroughly dried before the fluid is installed. Desic-
cant type breathers are desirab.a on the reservoirs of "open'
systems where this fluid may be used.

Section II. - Fluid Property Requirements and Tests
Methods

1.1 Physical Requirements
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ProEortz Value
Kinematic Viscosity at ~65°F., cs 2000, max. ASTM No. D445-64

Tesgt MetLcod

Kinematic Viscosity at 100°F., c# 6.5 - 7.5 ASTM No. D443-84

Kinematic Viscosity at 210°F., cs 2,0 - 2.5 ASTM No. D445-84

Pour Pt., °P., max.
Flash Pt., °F., min.

Fire Pt., °F., min.

1.2 Physical and Chemical Requirements

-90
350
400

1.2.1 BEvaporation Loss. Using Method ASTM

ASTM No. D97-87
ASTM No. DS2-57

ASTH No. D92-57

D972-56, at 300°F.,

the fiuid loss shall be less than 10%.

1.2.2 Foaming. Using Method ASTM D892-63, the foam volume

values shall be less than the fcllowing:

(a) Iuitial test at 75°F., voiume, ml., max., 25

(b) Intermediate teat at 200°F., foam volume, ml.,

max., 10

(c) Final test at /5°F., foam volume, ml., max., 25

Collapse times shall be less than the following:

(a) After initial test, air., 3

{b) After intermediate test, min., 2

(c) After final test, min., 4

1.2.3 Thermal Stability. The fluid shall he tested in a
sealed system under the following conditions:

(a) Temperature, ©°F,, 700 t 10
(b) Time, hrs., 6

(c) Atmosphere, Nitrogen

(d) Metal Catalysts, Copper (QQ-C-576), Low Carbon
Steel (QQ-S-636), Monel Metal (Ni-Cu Alloy), and

Titanium (MIL-T-9046C Class
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Note: The monel metal catalyst can be used in the form of
a wire to support the other three metals.

The changes in test system, fluid, and catalyst prop-
erties shall be less than the folleowing:

(a) Test system preasure rise during teat, psig., 100

(b) PFluid viscosity change, %, 40

(¢c) PFluid neut. no. change, mg. KOH,
(d) Metal cataly=t wt. changes, -g/cnz,
1.2.4 Corrosiveness and Oxidation Stability. Method

Yederal Standards No. 791a -~ 5308.5 shall be used with the
foliowing modifications:

(a) Temp., °F., 350°F.

(b) Time, hrs., 72

(c) aAir flow rate, liters/ar., 5

(d) Netal Catalysts, Copper (QQ-C-576), L. --Carbon
Steel (QQ-S-63%), Monel Metal (N:-Cu Alloy), and
Aluminum (QQ-A-. 35).

Note: The monel metal catalyst can be used in the form of
a2 wire to support the other three metals,

The changos in fluid and catalyst properties shall be
less than the following:

(a) Fluid wt. loss, %, 5.0%
(b)Y PFluid viscosity change, %, | $10%
(¢) PFluid neut. no. change, mg KOH, 1.0
(d) Fluid inoluble residue, ml., - 0.2
(e) Metal catalyst wt. changes., mg/cm?, 0.1

1.2.5 Copper Corrosion. Using Method No. ASTM D130-56 and
time and temperature conditions, respectively, of 72 hrs.
and 212°F., the copper specimens shall show a rating of 1b
or less.

1.2.6 Shear Stability. Using the method specified in

Military Specification MIL-H-6083C arsgraph 3.5.6, the
fluid viscosity loss shall be less fEan ?.U&.
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1.2.7 Low Temperature Stability. The fluid shall be stored
at a temperature of -90°F. and after 72 hours shall show no
evidence of precipitate or gel formation and shall flow
readily.

1.2.8 Swelling of Rubber. Using Method No. Federal
Standards 791a - 3603.4 the % volume swell of Synthetic
Rubber L shall be between 10.0 and 20.0.

1.2.8 Anti-Vear Properties. Using Method No. ASTM D2266-64T,
the mean smcar diameters shall be as follows:

Applied Load, Kgm. , Diameter, ma., max.
1 0.40
10 0.78
40 : 1.0

1.2.10 Particulate Contamination. Using the method speci-
fied in Military Specification MIL-H-6083C, paragraph 4.4.2.4,
the number of particles shall be within the EIEI!- prescribed
in Table V¥V of that Specification.
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